INTRODUCTION
There are rewards and challenges in the acquisition, processing and quantitative interpretation of airborne electromagnetic (AEM) data from a resistive terrain. Resistive terrain allows for significant depth of investigation and detection of subtle anomalies. However it also means that the received 'geological' signals, due to induced subsurface currents, are weak and the signal to noise ratio is low. Low signal levels present practical challenges for quantitative interpretation of AEM data. Errors in the cancellation of the primary field response, that might be considered insignificant in more conductive areas, become increasingly important in resistive environments.
The rewards and the challenges have been highlighted by a VTEM™ survey, flown for Geoscience Australia (GA), over extremely resistive terrain, including parts of the Kombolgie Subgroup in the Northern Territory. Previously it has been shown how layered earth inversion and conductivity depth imaging have revealed previously unmapped conductivity structure to depths approaching 2 km (Costelloe and Brodie, 2011; Craig, 2011) . The data have also revealed shallower structure, interpreted to be the unconformity surface at the base of the Kombolgie Subgroup, which is an important horizon for uranium explorers.
In this paper I examine various challenging aspects of the dataset. I show how random noise and bias is significant compared to the geological signal in this resistive area. I show how errors in the cancellation of the VTEM™ primary field response can have a large impact on inversion results, and may prevent the data from being fitted at all. I also demonstrate that the data processing corrections applied in an attempt to mitigate the errors can have a similar effect. Non-uniqueness in the inversion results is also discussed.
METHOD
In 2008 Geotech Airborne Pty Ltd was contracted to fly a regional AEM survey as part of GA's Onshore Energy Security Program. The survey, known as the Kombolgie survey, was located in the Pine Creek Orogen of the Northern Territory, Australia. A total of 8 800 line kilometres of data were acquired using the VTEM™ helicopter-borne time domain system. VTEM™ was configured in a central loop design, with the receiver positioned at the centre of a 26.1 metre wide dodecahedron shaped transmitter loop that was towed below the helicopter. The transmitter produces a dipole moment up to 625,000 (turn×A×m 2 ) at peak current. The 25 Hz base frequency waveform is bipolar, having a 7.33 ms pulse-width, including the 1.33 ms turn-off ramp, and a 12.66 ms off-time.
The voltage induced ( dB/dt) in the receiver coil is measured during the off-time at 96 kHz. B-Field data are derived through real-time electronic integration of the dB/dt data. The 96 kHz receiver samples are windowed using a linear-tapered shaped filter. Geotech delivered 30 dB/dt and derived B field windows in the dataset, with delay centre times ranging from 62.5 µs to 9244.8 µs.
Processing of the Kombolgie dataset was carried out by Geotech, which is described by Carter et al. (2009) . The height of the towed transmitter and receiver loop assembly was not measured using an altimeter. Instead it was initially calculated during the data processing using data from an altimeter mounted on the helicopter, the tow cable length, and the average tow cable angle inferred from photographs of the system in flight.
GA's quality control of the delivered data suggested that the transmitter loop height was between 5.2 and 9 m higher than anticipated in the Geotech's data processing. This was because of discrepancies between data measured over seawater of known depth and the corresponding forward and inverse models. Following this, Geotech mounted GPS units on the transmitter loop and flew calibration tests off Western Australia in April 2009. The results showed that the transmitter loop was likely to have been flying 6.8 m higher than was initially anticipated, and the Kombolgie data were adjusted accordingly.
Four streams of electromagnetic data were supplied. In order of processing these were, (i) Zsr or raw data, (ii) Zsc or data compensated for high frequency fluctuations in the system SUMMARY Data from a VTEM™ airborne electromagnetic survey over resistive terrain is examined. Forward modelling and analysis of high-altitude lines shows that the amplitudes of random noise, bucking error, processing corrections and geological signals can be large compared to the geological signal in the resistive terrain. The negative impacts of the low geological signal to noise ratio on conductivity estimates generated by layered-earth inversion and conductivity transformations are demonstrated. The reader is alerted to the degree of uncertainty and non-uniqueness that is inherent in conductivity estimates generated from similar datasets.
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The final levelled Zsl data were inverted using layered-earth inversion (LEI) code developed at GA. A detailed account of the inversion is provided in Brodie and Costelloe (2011) , which can be download from GA's website (https://www.ga.gov.au/products/servlet/controller?event=GE OCAT_DETAILS&catno=72582). A 30 layer smooth model inversion was performed.
The fixed layer thicknesses increased from 12 m for the first layer to 173 m in the last layer before the lower halfspace at 1783 m depth. Noise estimates used in the inversion were assigned using a composite additive and multiplicative noise model (Green and Lane, 2003) . The thin grey lines on Figure 1 are the standard deviation of the Zsf data on each high altitude (above 1000 m) line. Also shown is the median of all the line standard deviations for the following: Zsf data (black), the unfiltered Zsc data (red), and the Zsf data where a linear trend was first removed (blue). The latter was used as the additive noise component. It is unclear why the strong linear trends exist in the high altitude data. From an analysis of repeat line data we estimated that the multiplicative noise component was 3.6% of the response. An analysis of the means of each of the high altitude lines shows the extent of zero-level or bias error in the data. It can be seen in Figure 2 that the bias was typically negative, but variable, in the early time windows. These biases are thought to be due to parasitic capacitance effects (Macnae and BaronHay, 2010) that cause imperfect cancellation or bucking-out of the primary field. In the Kombolgie dataset it typically results in transients, including those recorded at survey altitude that rise rather than decay at early time. Because of this the first four windows (62.5 to 99 µs), the most seriously impacted, were not used in the inversion. Figure 4 shows the data and fitted model from a conductive area. On the left hand panel, the filtered (blue) and drift corrected (green) data are mostly obscured by the final levelled (black) data. This is because the drift and levelling corrections in this case are small compared to the amplitude of the data. The main correction is at early time (<0.1 ms delay time) where the drift correction is typically large. However over the remainder of the transient the corrections are small and the transients plot coincident with each other. This indicates that the signal-to-data correction ratio, and hence the signal-to-noise ratio, is large in this conductive area. It can also be seen, in the left hand panel, that the LEI model (magenta) fits the final levelled (black) data transient. The exception is over the first four windows, left of the vertical line, where the transient rises and the data were not used in the inversion. Note also that the layered-earth forward model response (red) of the EM Flow™ CDI conductivity model does not match the final levelled data -its values are around 2 to 3 times smaller than the input data. Although I expected the match would be better, it should be noted that the EM Flow™ CDI algorithm is a fast approximate transformation based on thin sheets, rather than a data fitting inversion based on a layered earth model. Notwithstanding this, the LEI and EM Flow™ conductivity sections are qualitatively similar for the conductive parts of the survey area. Figure 8 and Figure 9 at the end of this paper. In this case the drift correction (i.e. the difference between the blue and green transients), is much larger than the final levelled data itself. The LEI model (magenta) fits the final levelled data (black) relatively well except at early time where the transient rises. The LEI and EM Flow™ estimate significantly different conductivity models (right hand panel) as well as having different forward model responses. Figure 8 and Figure 9 . The sections in Figure 8 were produced from final levelled data (black transients on Figure 6 ) and the sections in Figure 9 were produced from data at the previous stage of processing (the green filtered and drift corrected transients on Figure 6 ). Comparison of the sections in Figure 8 with those in Figure 9 demonstrates that, at and around position C, the final levelling correction has had the effect of pushing the deep conductor off the bottom of the section. No doubt this is because the final levelled (black) transient on Figure 6 deviates markedly from the unlevelled (green) transient after 5×10
DISCUSSION
-4 s delay time. 
CONCLUSIONS
The resistive units of the Kombolgie area result in low VTEM™ responses. Random noise, zero-level bias, primary field cancellation errors, and data processing corrections are not small compared to the low geological signal. This results in a degree of uncertainty and non-uniqueness that is inherent in conductivity estimates from those derived in similarly resistive areas. 
